Sera from patients with systemic lupus erythematosus (SLE) 
plement-dependent 5tCr release when tested against normal human fibroblasts or peripheral blood lymphocytes. IgG antineuronal antibody was detected in 17% of SLE sera by an antibody-dependent, cell-mediated cytotoxicity assay with SK-N-SH cells as targets.
The relationship of IgM and IgG antineuronal antibodies to the antilymphocyte antibodies present in SLE sera was evaluated by a series of crossabsorption experiments using SK-N-SH cells to remove neuronal antibodies and WI-L2 (human lymphoblasts) to remove antilymphocyte antibodies. Most of the complement-dependent neurocytotoxicity was not removed by multiple lymphoblast absorptions, although the WI-L2 cells readily removed lymphocytotoxic activity as assayed on normal lymphocytes. Absorption with SK-N-SH cells removed most, but not all, of the lymphocytotoxic antibody. Thus, although lymphocytotoxic antibodies reactive with membrane antigens shared by lymphocytes and brain may constitute a subset of the antibodies to neural cells, most of the antineuronal activity in SLE serum is directed at other cell surface antigens expressed on neuronal and Olial cells. Should they gain access to the brain, these antibodies have the potential to produce neuropathology, but their presence in the nervous system of patients with the neuropsychiatric manifestations of SLE is yet to be documented.
Lymphocyte membrane-reactive antibodies found in the serum of patients with systemic lupus erythematosus (SLE) also bind to central nervous system (CNS) tissues (1) . Absorption of SLE sera with homogenized human brain reduces their lymphocytotoxic capacity more than 90%. Lymphocytotoxic activity has been eluted from the brain absorbants and shown to be IgM with enhanced lymphocyte reactivity in the cold, characteristic of SLE lymphocytotoxic antibody (2, 3) . IgG antibodies with leukocyte membrane reactivity also bind to CNS tissue. Brain absorption of SLE sera depletes their ability to suppress "killer" cell function in the antibody-dependent, cell-mediated cytotoxicity (ADCC) assay (4) .
An analysis of the relationship between clinical manifestations of CNS involvement in SLE patients and their circulating lymphocytotoxic antibodies revealed that the mean titer of lymphocytotoxic antibody was significantly higher in patients with CNS disease than it was in other lupus patients, including those with renal, serosal, or dermal manifestations (1) . The observations of brain-reactive antibodies in the serum of patients with SLE, coupled with greater amounts of those anti-
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. 3965 bodies in patients with CNS involvement, suggest the possibility of an autoantibody-mediated pathogenesis. Antibody reacting with neuronal membranes may interfere with their function, thereby producing some of the neuropsychiatric manifestations of SLE.
A prerequisite to attributing CNS manifestations to antineuronal activity is the demonstration that SLE patients have antibodies that react with neurons. To that end the tissue culture cell line, SK-N-SH, was obtained and used as a target in neurocytotoxicity assays. SK-N-SH was derived from a human neuroblastoma; its growth, biochemical, and cytogenetic properties confirmed its neuronal nature (5) . The Complement-Dependent Cytotoxicity. SK-N-SH, A-172, or U-118 MG cells grown to confluency in microtiter tray wells and labeled with 5lCr were incubated with 25 Ald of a 1:2 dilution of test serum and 25 ,l of SK-N-SH absorbed fresh rabbit serum as a source of complement. After 1 hr at 370, 50,sl of medium was added to each well and a 50-il aliquot was removed for gamma counting. Cytotoxicity is expressed as the percent 51Cr specifically released by the test serum. The assay we used for measuring complement-dependent lymphocytotoxicity has been described (1). Absorptions. SLE sera at 1:2 dilution in Eagle's medium were absorbed with SK-N-SH or WI-L2 cells at a density of 4 X 106 cells/ml at 40 for 1 hr. The cells were then removed by centrifugation at 600 X g for 10 min at 4°. An aliquot of the serum supernatant was removed for testing, fresh cells were added to the same'density, and the process was repeated for the number of absorptions indicated.
RESULTS
Approximately three-fourths (78%) of SLE sera exhibited complement-dependent killing of SK-N-SH neuroblastoma cells ( Table 1 ). The 25 cytotoxic sera ranged from 15 to 78%. No significant Cr release was observed with any of the SLE sera in the absence of complement. Sera from patients with rheumatoid arthritis were much less cytotoxic to SK-N-SH cells, but 3 of 16 were cytotoxic at 16, 18 and 23% 51Cr release, respectively.
The ability of SLE sera to mediate complement-dependent cytotoxicity to cell line SK-N-SH was compared with their cytotoxic capacities against three other cell lines of human origin (Table 2) . Twenty SLE sera were tested. These sera were obtained subsequent to the completion of the experiment presented in Table 1 , but 12 of the 20 patients providing these sera also provided sera used in the earlier experiment. The mean percent cytotoxicity of these 20 sera to SK-N-SH cells (38.4%) Table  3 . Those results suggested that IgM antibody was responsible for neurocytotoxicity. To confirm this, we mixed each of the cytotoxic Sephadex fractions, peak 1 and 2, with rabbit antisera to human immunoglobulins and tested the mixture for cytotoxicity against SK-N-SH. Peak 1 was diluted 1:5 with buffer before it was mixed with the rabbit serum to bring its percent cytotoxicity down to the level of the undiluted peak 2. The neurocytotoxicity in both peaks 1 and 2 was completely inhibited with antisera specific for the heavy chain of human IgM (Table 4 ). Anti-IgG had only slight inhibitory activity against both fractions. Thus, the factor responsible for complementdependent neurocytotoxicity in SLE serum is IgM antibody.
The complement-dependent cytotoxicity assay is not a sensitive test for IgG antibody. Therefore, we used an ADCC assay to test for IgG antibody to SK-N-SH cells. As a group, SLE sera were significantly more cytotoxic than normal or rheumatoid arthritis sera (P < 0.02) to the neuronal cells (Table 5 ). The upper limit of normal in this assay, calculated as the mean of the normal human serum samples plus 2 standard deviations, was 15% cytotoxicity. Only 4 of the 24 SLE samples induced a percent 51Cr release in the ADCC assay greater than the upper limits of normal. None of the normal human sera or the sera from patients with rheumatoid arthritis were cytotoxic by that criterion.
The four cytotoxic SLE sera were fractionated by Sephadex G-200 chromatography and the fractions were tested for activity in the ADCC assay. The pattern was the same in all four sera. The results for two of the SLE sera and a normal human serum run as a control are presented in Table 6 . The cytotoxic activity in both of the SLE sera, AF and CM, was recovered in peak 2, which contains the bulk of the IgG antibody.
In order to investigate the relationship between the IgM and IgG antineuronal antibodies and the IgM and IgG antilymphocyte antibodies known to be present in SLE sera, we performed a series of absorption experiments to determine whether different antibody populations are responsible for antineuronal and antilymphocyte activities or whether the same antibodies react with both cell types. Antilymphocyte antibody was removed by absorption with the human lymphoblast cell line WI-L2. The lymphoid cells readily removed the ADCC-de- Table 3 . The unfractionated sera and their pooled and concentrated fractions (peak 1 at void volume, peak 2 containing the 7S IgG, and peak 3 containing albumin, etc.) were tested for their ability to prime 51Cr-labeled SK-N-SH cells to serve as targets in the ADCC assay. Sera AF and CM were from SLE patients. Normal human serum was obtained from a healthy donor. NT, not tested. tected antineuronal activity from two of three sera tested ( Table  7 ). The antineuronal activity in the third serum was not reduced by six sequential absorptions with WI-L2 cells. Thus, IgG antineuronal activity in SLE sera may be directed at antigens shared by neurons and lymphocytes or at neuronal antigens that are not expressed on lymphoid cells.
The relationship between the IgM antineuronal and antilymphocyte activity was also assessed in similar absorption experiments. As shown in Fig. 1 left, absorption with the lymphoblasts readily removed the lymphocytotoxic activity against normal peripheral blood lymphocytes. The antineuronal activity in the lymphoblast-absorbed serum was partially diminished after one absorption, but continued absorptions with WI-L2 cells did not further reduce the neurocytotoxic activity. Although the results for only the first two absorptions are shown in Fig. 1 , four sequential absorptions have been carried out, and the neurocytotoxicity remains over 70%. Three other sera tested in this way gave very similar results, with a partial depletion of antineuronal activity with the first WI-L2 absorptions and then no further removal of antineuronal antibody.
In contrast to the resistance of IgM antineuronal antibody to absorption with lymphoblasts, IgM antilymphocyte antibody is substantially removed by absorption with SK-N-SH neuronal cells (Fig. 1 right) . In the example shown, antilymphocyte activity was decreased to 20% of its preabsorption activity after two absorptions with the neuronal cells. An additional two absorptions with the same cell line did not further reduce the lymphocytotoxicity. A similar pattern was observed with the Medical Sciences: Bluestein I three other lupus sera absorbed with SK-N-SH cells, each of which had a residual lymphocytotoxic activity in the range of 10-25% of the preabsorption level. The bulk of the antilymphocyte antibody, therefore, appears to be directed at antigens present on both neuronal and lymphoid cells. However, a subset of the IgM lymphocytotoxic antibodies appears to be directed at an antigen(s) present on peripheral blood lymphocytes but not neuroblasts.
DISCUSSION
The cell line SK-N-SH has been used as the target in assays for antineuronal antibody in the serum of patients with SLE. The neuronal origin of these cells has been confirmed by two observations: they contain high levels of dopamine fl-hydroxylase activity, an enzyme distributed only in sympathetic nervous tissue (5), and they retain the action potential Na+ ionophore, as demonstrated by their response to the plant alkaloid veratridine (12, 13) . Veratridine-dependent 22Na+ uptake is a characteristic of electrically excitable membranes (14) . Thus, SK-N-SH retains differentiated features that enable its classification as a neuronal cell line.
Sera from the majority of patients with SLE have IgM antibody cytotoxic to SK-N-SH cells. The cytotoxic activity is not limited to cell lines of neuronal origin. Most of the sera reactive with SK-N-SH were also cytotoxic to cells of glial origin. Cell lines A-172 and U-118MG were both derived from human glioblastoma (8, 9) . Both are unresponsive to veratridine (unpublished observations) and, thus, lack the action potential Na+ ionophore. Eighty percent of the neurocytotoxic SLE sera were also cytotoxic to A-172 and U-118MG. No sera were identified that killed the glial cells but not the neuronal cells. Differing sensitivities of the target cells to antibody-mediated complement-dependent cytotoxicity may account for the failure to lyse the glial cells by a few of the sera that were cytotoxic to SK-N-SH. The significantly lower mean percent cytotoxicity of SLE sera against cell line U-118MG suggests that that cell line may be less susceptible to complement-dependent lysis. Alternatively, since most of the sera that failed to kill the glial cells were not at the lower end of the cytotoxicity range against the neuronal cells, SLE sera may contain antibodies to several different cell-membrane antigens, some of which are shared by neuronal and glial cells and some of which are not. Analysis of membrane antigens on rodent neuronal and glial cell lines has revealed several determinants shared in various combinations (15) .
Circulating antilymphocyte antibodies are commonly found in the serum of patients with SLE. Absorption of those sera with human brain tissue effectively depletes both IgM and IgG antilymphocyte immunoglobulin (1, 4) . The relationship of the lymphocyte-reactive antibodies to IgM and IgG antineuronal antibodies was studied with a series of crossabsorption experiments by using an established human lymphoblast cell line to remove antibodies to lymphocytes and the SK-N-SH cell line to remove antibodies directed against itself. Although the antilymphocyte antibody present in SLE sera is not able to mediate complement-dependent 5lCr release, lymphocytotoxic antibody is readily detected by a dye-exclusion microcytotoxicity assay (2, 16) . The lymphoblast cell line, WI-L2, is B-cell derived. However, most lymphocytotoxic antibodies present in SLE sera are directed at antigenic determinants that are shared by both T and B cells (1, 3) , and thus it is not surprising that absorption with WI-L2 removed all of the lymphocytotoxic activity detectable when normal human peripheral blood lymphocytes were used as targets.
The absorption experiments demonstrate that most of the IgM antineuronal antibody is not directed at cell-surface antigens present on lymphoid cell membranes. (24) , and antibodies to synaptosomal plasma membranes introduced into the rat brain caused a significant impairment in memory (25) .
The mechanisms by which antibodies to CNS components induce the neuropathologic changes have not been elucidated.
The neuronal antibodies found in SLE sera were detected by cytotoxicity assays. However, though they have cytotoxic potential, the antibodies could affect neuronal function by alternate mechanisms. Antisera to cell-surface antigens can inhibit the responsiveness of cells to stimuli delivered at their membrane. This may occur via antibodies to cell-membrane receptors, such as the insulin receptor autoantibodies in some insulin-resistant diabetics (26) or the antibodies to acetylcholine receptors found in the circulation of patients with myasthenia gravis (27, 28) . Alternatively, antibodies to cell-membrane antigens that are not part of receptor-combining sites may also prevent cell activation by external stimuli. In vitro studies with animal cells have demonstrated that mitogen-induced B-cell activation is blocked by antibody to immunoglobulin (29) , antigen-induced T-cell proliferation is inhibited by antisera to histocompatibility region antigens (30) , and the induction of in vitro colony-forming units in bone marrow cells treated with colony stimulating factor can be inhibited by antibody to brain (31 (32) .
